Objective: To develop and administer a questionnaire to determine what factors may be associated with app use (including frequency of use, reasons to recommend to clients/patients, perceived effectiveness on health, health aspects used, features, and types of apps) by clinicians working in diabetes and weight management patient care settings. Methods: The Clinician Apps Survey was developed and contained 3 question domains (smartphone apps use, behavior theory in counseling sessions, and demographics) to explore frequency, types, preferred features, benefits/barriers of using apps, counseling techniques used, and clinician demographics. Clinicians (n ¼ 719) were recruited to complete the online survey through 4 dietetics and diabetes professional groups. Clinician use and preferences for health-related apps for personal reasons and in patient care settings were determined, and comparisons were made between high and non-app users. Descriptive statistics were used with current practices and attitudes about apps. Chi-square test of independence compared those using apps both personally and professionally (app enthusiasts) vs those with no app use. Results: There were more app enthusiasts (53%; n ¼ 380) than non-app users (20%; n ¼ 145). Whereas 68% recommended pen/paper methods for diet and physical activity monitoring, 62% recommended apps. Most agreed that apps were superior to traditional methods for patients to track dietary intake (62%) and physical activity (58%), make better food choices (34%), lose weight (45%), and track blood glucose (43%). App enthusiasts used the American Association of Diabetes Educators self-care guidelines (P ¼ .001) and advanced counseling techniques (eg, motivational interviewing) more often than did nonapp users (P < .004). Apps most frequently recommended to clients were MyFitnessPal (n ¼ 425), CalorieKing (n ¼ 356), and Fitbit (n ¼ 312). Conclusions and Implications: Health-related smartphone apps are being widely used and recommended to patients with diabetes and obesity by clinicians for self-monitoring of dietary and physical activity behaviors. Furthermore, many clinicians believe that these types of tracking apps may improve patient outcomes compared with traditional methods of monitoring dietary and physical activity behaviors.
INTRODUCTION
Approximately 95% of Americans own a cellphone and 77% are smartphone owners. 1 According to the 2017 Pew Research Center Mobile Fact Sheet, smartphone ownership is highest in college graduates (89%) who have an annual income of $$75,000 (93%) and live in a suburban area (79%), compared with those with less than a high school education (54%), who make #$30,000 a year (64%), and live in rural America (67%). Young, nonwhite adults with lower incomes are most likely to be smartphone dependent, meaning that they rely solely on their smartphone for online access. Another study found that 58% of US smartphone users downloaded a health-related app; fitness and nutrition apps were among the most common categories of apps that were used on a daily basis. activity levels and weight, and provide diabetes self-management tools. Indeed, there are more than 1,700 apps directed to some aspect of diabetes management. 3 The 2017 American Diabetes Association Standards of Diabetes Care Position Statement added a recommendation encouraging the use of technology in the prevention and treatment of diabetes. 4 To the authors' knowledge, no studies examined how apps were used by clinicians in the care of patients with diabetes and obesity in the US. A systematic review identified only 7 of 33 studies that were conducted in the US and none specifically addressed diabetes health care professionals. 5 Clinician agreement with information technology (IT) is essential for integration of technology into health care. Barriers to clinician agreement included cost related to both finances and time, and the knowledge and attitudes of the user. 6 The American Association of Diabetes Educators (AADE) uses the AADE7 Self-Care Behaviors as an educational model for essential topics to include in diabetes education, which include healthy eating, being active, monitoring, taking medication, problem solving, reducing risks, and healthy coping. 7 The AADE recognized that apps can be instrumental in helping patients manage the AADE7 and developed the Diabetes Goal Tracker App to encourage tracking of a patient's individual goals. 8 There have been only 2 publications concerning RDNs' acceptance of IT, specifically apps. According to Lieffers et al, 9 57% of Canadian dietitians who responded used apps in practice, and 41% recommended a nutrition or food app to clients. Factors that affected dietitians' use of apps and their recommendations of them to clients included accessibility, content quality, usability, compatibility, cost, knowledge, interest, suitability, willingness, ability to pay, and ability to use apps at work. Diet apps were used by one-third of sports dietitians surveyed and US sports dietitians were most likely to use diet apps, compared with dietitians from other countries. 10 Apps may prove useful in improving patient care and clinical outcomes. The objective of this study was to develop and administer a questionnaire to determine what factors may be associated with app use (including frequency of use, reasons to recommend to clients and patients, perceived effectiveness on health, health aspects used, features, and types of apps) by clinicians working in diabetes and weight management patient care settings. In addition to demographics, data were collected related to counseling techniques and personal app use.
MATERIALS AND METHODS

Survey Development
The researchers developed a draft survey based on 2 studies with similar research objectives; 1 explored how sports dietitians in 5 countries used apps in dietary assessment and tracking 9 ; the other explored how Canadian dietitians used mobile devices and apps. 10 The questionnaire had a framework related to the Technology Acceptance Model, which posits that perceived usefulness and perceived ease of use are influential in the adoption of technology for work, and that self-efficacy and the cost-benefit of acceptance and adoption may in turn influence perception of usefulness and ease of use. 11 The purpose of the study was not to test the model's fit to the clinician's app use, but to inform the questionnaire development (5 items) and discussion of results.
The first draft of the survey contained 35 questions, 12 of which involved demographics. Fourteen technology and smartphone-related questions were modified and adopted from Lieffers et al 9 and Jospe et al. 10 To assess behavior change taxonomy, 1 question was added from Mitchie et al. 12 The research team developed 8 original questions about types of instructional and social media used during patient counseling sessions (n ¼ 3), personal use of electronic devices for dietary tracking (n ¼ 2), assessment of patients' dietary intake during counseling sessions (n ¼ 1), possible reasons for recommending smartphone apps to clients (n ¼ 1), and preferred smartphone app features (n ¼ 1).
Colleagues and health professionals who had knowledge of mobile health and nutrition-related smartphone apps conducted snowball re- The expert panel review resulted in 49 changes. Changes were made when $2 members of the research team recommended a change or the change was thought to be an improvement. The revised survey, entitled the Clinician Apps Survey (CAS), contained 37 total questions with 2 open-ended and 35 multiple choice questions and an option of other that allowed participants to type a response; it was transferred into an online survey (Qualtrics, Provo, UT, 2017). Of the 24 non-demographic questions, the domains included technology use (n ¼ 5; 3 included personal and professional or at work); clients, assessments, and counseling (n ¼ 9; 2 included personal tracking as well); technology with clients (n ¼ 6); and factors affecting technology use (n ¼ 4; 1 included personal and professional or at-work use). Within the domain of clients, assessments, and counseling, 2 items addressed the use of AADE7, which addressed several aspects that could be reflected in apps: healthy eating, being active, monitoring, and problem solving.
14 Three questions assessed personal use and professional use, in which respondents had the option to select one or the other, both, or none, to see whether there were associations between personal and professional use and recommendations to clients.
Survey Administration
Clinicians were recruited to complete the CAS via professional membership organizations through electronic mailing lists of each of the following: RDNs, CDEs, registered nurses, licensed practicing nurses who belonged to at least 1 of the following Dietetics Practice Groups of the Academy of Nutrition and Dietetics (Diabetes Care and Education Group, Weight Management Group, Sports Cardiovascular and Wellness Nutrition Group, and Nutrition and Dietetic Educators and Preceptors Group) or were members of the American Association of Diabetes Educators. Two recruitment e-mails were sent (initial and reminder) approximately 3 weeks apart. The research team also sought and gained approval from the Academy of Nutrition and Dietetics and the Diabetes Care and Education Dietetics Practice Group to send an e-mail blast to the Diabetes Care and Education membership (n ¼ 3,000) encouraging participation in the study, to gain more participation. Electronic consent through the Qualtrics tool was required for participation. After completing the CAS, participants could choose to enter their names and e-mail into a drawing for 1 of 10 $75 electronic gift cards.
Data Analysis
Descriptive statistics reflected current practices of dietitians, media and electronic device use, and attitudes about apps in patient care (including frequency counts and cross-tabulations). The researchers conducted a chisquare test of independence to determine whether a response distribution differed among clinicians who both personally and professionally used apps compared with clinicians who did not use them. Univariate binary logistic regressions were used to look for statistical associations between ordinal (eg, credentials, numbers of years of practice, clinician age) variables and clinicians who both used and recommended apps.
All statistical comparisons were 2-tailed; P # .05 was considered statistically significant (version 24.0, SPSS Statistics for Windows, IBM Corp, Armonk, NY, 2016). No weighting scheme was used. Qualitative text responses were analyzed and coded into common themes and compared with quantitative data by 1 researcher with confirmation by a second researcher. If $2 respondents made the same or a similar response to an open-ended question, it was compiled into a theme. If the theme was redundant or similar to 1 of the answer options already provided in the survey, it was added to the response frequency for that answer.
RESULTS
Response
Of a total of 719 survey respondents, 583 completed the entire survey (81%), although respondents had the option to skip questions. Clinicians who were not currently providing patient care, education, or counseling were excluded from the study by using the skip question function, which took them to the end of the survey (n ¼ 66). Most respondents (92%) used media on a regular basis (n ¼ 642), compared with 8% (n ¼ 54) who did not.
The majority of CAS respondents were white, female RDNs who worked in an outpatient clinical setting ( Table 1 ). The top diseases treated by clinicians in the CAS were type 2 diabetes, obesity, prediabetes, insulin resistance, and metabolic syndrome. Most clinicians (83%; n ¼ 597) routinely assessed patients' dietary intake and physical activity levels; an interview of patients' usual diet (62%; n ¼ 448) was the most common method of assessment. However, pen and paper food and physical activity diaries (68%; n ¼ 492) were the most common type of tracking tool recommended by clinicians.
Clinicians' Smartphone Apps Use
Smartphone apps were used personally by 77% (n ¼ 555) and professionally by 55% (n ¼ 398) of clinicians. Health-related smartphone apps were used personally by 61% (n ¼ 439) and 49% (n ¼ 351) used them for work purposes (P < .001). Most clinicians (83%; n ¼ 597) routinely assessed their patients' diet and exercise levels, and 62% (n ¼ 445) did so via smartphone. A diet/physical activity interview was the most common method of assessing patients' diet and physical activity levels (68%; n ¼ 492). Most clinicians 62% (n ¼ 445) recommended smartphone apps to their clients to track diet and physical activity levels.
Clinicians recommended smartphone health apps to their clients for a variety of reasons. The top 5 bases for recommending apps to clients vs traditional methods of tracking were that apps helped patients track diet better (62%; n ¼ 447), apps were more portable (61%; n ¼ 436), apps provided immediate feedback (59%; n ¼ 425), apps tracked physical activity better (58%; n ¼ 418), and apps helped patients make better food choices (51%; n ¼ 367). Most clinicians believed that apps were effective for assessing dietary intake (59%; n ¼ 425), physical activity (56%; n ¼ 408), blood glucose (47%; n ¼ 335), and health goals (45%; n ¼ 322). Furthermore, many clinicians recommended that their patients track dietary intake (64%; n ¼ 454), physical activity (58%; n ¼ 414), blood glucose levels (47%; n ¼ 335), and weight (42%; n ¼ 299) via smartphone apps compared with traditional methods. The apps most recommended by clinicians were MyFitnessPal (Under Armour, Baltimore, MD) (59%; n ¼ 425), CalorieKing (CalorieKing Wellness Solutions, Inc., La Mesa, CA) (50%; n ¼ 356), and Fitbit (Fitbit, Inc., San Francisco, CA) (43%; n ¼ 312); 49% (n ¼ 352) had heard about health-related apps through a coworker and 36% (n ¼ 258) had learned about them through a patient.
There were 76 comments to the query, What are other reasons that you recommend health-related apps instead of other methods of tracking dietary intake/physical activity? Four distinct themes emerged: accountability; helpful for low-literacy patients; easier for carbohydrate counting; and low cost ( Table 2 ). Many clinicians (n ¼ 367) cited limitations or barriers to using health-related apps for themselves or their clients or patients. Six main themes appeared regarding barriers to using apps (Table 3) , including their not being user-friendly; their lacking accuracy or access; their not being universal to all clients; their being time-consuming to use; and their not containing desired features.
A clinician's decision to recommend a smartphone app was based on the patient's access to a smartphone (57%; n ¼ 413), if the patient was already using apps successfully (50%; n ¼ 361), the patient's overall level of literacy (38%; n ¼ 274), or the patient's health literacy level (28%; n ¼ 202). The most commonly When asked for final additional comments about experiences using apps personally and professionally, clinicians liked or loved apps (n ¼ 46); some needing more training because they were not technologically savvy (n ¼ 10). Some respondents (n ¼ 12) were indifferent to apps whereas a few clinicians (n ¼ 5) commented on various access issues including patient access to smartphones owing to low income or older age, or poor reception in the office.
App Enthusiasts
Clinicians who used apps both personally and professionally are referred to here as app enthusiasts. The researchers conducted a chi-squared test of independence to determine whether response distribution differed among clinicians who used apps both personally and professionally compared with those who did not use apps. Response distributions were more significantly different for clinicians who used apps both personally and professionally compared with app nonusers (n ¼ 380 vs 145, respectively; P < .001).
App enthusiasts used the AADE7 self-care behaviors in patient counseling significantly more compared with app nonusers (n ¼ 206; P # .001). Furthermore, healthy eating (n ¼ 222), being active (n ¼ 218), monitoring (n ¼ 215), taking medications (n ¼ 204), and healthy coping (n ¼ 202) were AADE7 self-care behaviors that were used significantly more (P < .005) during counseling sessions by app enthusiasts compared with nonusers. App enthusiasts were most likely to hear about health-related apps from coworkers (n ¼ 218) and patients (n ¼ 167) rather than friends (n ¼ 88) or family members (n ¼ 35; P # 0.01). Clinicians with a master's degree (n ¼ 168; P ¼ .002) and the RDN credential (n ¼ 240; P # .001) were most likely to be app enthusiasts. However, the overall majority of clinicians (n ¼ 230) who participated in the CAS survey had both the MS and RDN credentials.
The researchers performed a binary logistic regression to assess factors (clinicians' age, gender, number of years practicing, educational level, and credentials) associated with clinicians' personal and professional use of apps. There were no statistically significant associations between these factors and clinicians' use of apps.
Clinicians' Use of Counseling Techniques
The most common counseling techniques used by clinicians were providing general information, motivational interviewing, modeling, encouragement, and identifying barriers ( 12 Forty-eight percent (n ¼ 345) used the AADE7 in patient counseling sessions. From the AADE7, healthy eating (52%; n ¼ 377), being active (52%; n ¼ 372), and monitoring (50%; n ¼ 362) were the top 3 behaviors discussed in counseling sessions. Motivational interviewing, prompting modeling behavior and practice, reviewing behavioral goals, providing general encouragement and information on consequences, feedback on behaviors and performance, identifying barriers, and stress management were counseling techniques that were used significantly (P # .004) more by app enthusiasts compared with nonusers.
DISCUSSION
To the best of the authors' knowledge, this was the first study to assess US clinicians' personal and professional use of health apps, and their perceived effectiveness on health outcomes related to nutrition, physical activity, and weight-related behaviors. These data are important because of the widespread use of health apps by both patients and other health providers. Clinicians have a unique and pivotal role in providing health recommendations to their patients, which may include giving advice about health apps or using data from health apps for diagnosis and treatment recommendations. 5 Improved health outcomes such as greater weight loss is associated with increased patient and provider contact. Clinicians who use apps can offer additional means to expand their practice, engage patients, improve Accountability/compliance 7 I find folks will track on the phone, where they otherwise would not have on paper.
Helpful for low-literacy patients 3 Apps with tracking, photo, and/or bar code scanners help my low-literacy patients (who would not track on paper or another way) track parameters easily.
Easier for carbohydrate counting 4 Apps are easier for carb and calorie counting.
No cost 2 Most apps used are ''free.'' Notes: n ¼ 78 comments; there were another 62 comments, of which 49 were the same as or similar to the multiple-choice response options, and 13 were singular responses.
care, and possibly reduce health care costs.
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Comparisons With Other Studies
Compared with other studies surveying registered dietitians about the use of diet apps with patients, this research had the largest sample size of RDNs, included CDEs, and had clinicians from across the US. Overall, 77% of participants (n ¼ 555) self-reported that they were using apps personally and 56% (n ¼ 398) were using them at work. Moreover, 61% were using health apps personally and 49% were using them professionally. This was consistent with other findings related to smartphone app use among dietitians and physicians. [5] [6] [7] [8] However, the researchers found a slightly higher rate of health apps being used by clinicians (61%) compared with previous work. 9, 10 Dietitians in the US (56%) were more likely to use diet Table 3 .
Theme n Sample Comments
Apps not user-friendly 16 Some not very user-friendly; difficult for patients to understand/navigate; patient not technology literate.
Inaccurate data in apps 14
Inaccurate data in apps (adds calories back for exercise, not correct calories prescription for patients, etc).
Patient access to apps 13 Population I serve does not have phones with apps: older population, Spanish speaking.
Not for certain populations 9 Low-income, elderly patients (better for those aged <60) have trouble using them.
Time-consuming to use apps 8 Takes a lot of time and effort to enter the data consistently; clients get bored with it and quit using quickly. 9,10 A variety of new apps on the market connected patients with dietitians and included similar functions as the most popular apps previously identified. However, more sophisticated and professional apps come at a higher cost. In a recent national survey on health apps use among US mobile phone users, 41% were unwilling to pay anything and 42% were willing to spend a maximum amount of only $5.99 on a health app. 16 In this study, clinicians had a positive perception of health apps similar to other work in this area. [5] [6] [7] However, this study found that many more respondents agreed that apps were better than traditional methods (>80% for tracking diet/physical activity and providing feedback) compared with clinicians in the study by Jospe et al, 10 who reported that 47% believed that apps were better.
Although clinicians were optimistic about using health apps in patient care, the researchers identified several barriers related to apps not being user-friendly or containing inaccurate data, and problems with patient access, time commitment needed, and a lack of needed features. These barriers were similar to those categorized as app, workplace, and personal factors by Lieffers et al. 9 This highlights the need for additional research to validate commercially available health apps for dietary assessment, tracking, and potential health benefits. 17 A small study of 21 clinicians reported that lack of flexibility in self-monitoring apps and mechanisms for clients to share with clinicians were lacking. 18 Before the authors recommended health apps for patient use, Boudreaux et al 19 suggested that clinicians review the available literature, search app clearinghouses and app reviews, read descriptions and user ratings, pilot test the app, and elicit patient feedback.
In the current study, similar percentages of respondents used pen and paper vs apps to monitor the diet and physical activity (68% vs 62%) of their clients. This result reflects research findings that indicated neither the ending body mass index (BMI) nor the frequency of selfmonitoring differed between 2 groups following a self-selected monitoring method in a 6-month randomized trial for weight loss among overweight adults. 20 In contrast, both adherence to monitoring and weight loss were greater with technology in a weight loss study of 210 adults randomized to either pen and paper or personal digital assistants (PDAs) or PDAs with daily feedback. Although results were greater than pen and paper, they were greatest with PDAs and feedback. 21 In an 8-week weight loss trial, app users recorded diet and physical activity more consistently than did pen and paper users, but diet quality and ending body mass index did not differ between groups. 22 Although it is unknown whether the CAS respondents were aware of these ambiguous results, having both methods available seemed advisable from both the research and practice perspectives.
Although a strength of this study was the broad geographical response, 1 limitation of this research, as well as others, was that there might have been a response bias toward app users agreeing to answer questions about apps. A strength of the study was also questioning clinicians about their counseling techniques and use of AADE guidelines.
The majority of clinicians (62%) used smartphone apps to assess their patients' dietary and physical activity levels. Furthermore, most agreed that smartphone apps were effective for assessing many health-related behaviors, especially self-monitoring. Indeed, most clinicians in this study recommended dietary and physical activity tracking via smartphone apps to their patients. Clinicians who use smartphone apps personally to track dietary and physical activity had a positive perception of them and were more likely to recommend them for patient use. App enthusiasts were more likely to use advanced counseling techniques and the AADE guidelines. Because app enthusiasts use counseling strategies such as motivational interviewing and the AADE7 self-care behaviors, apps supporting these techniques would likely be used often by clinicians.
IMPLICATIONS FOR RESEARCH AND PRACTICE
As more patients and clinicians adopt smartphone apps, an increased use of apps in clinical settings to assist in managing health-related behaviors is expected. Future research is needed to evaluate app integration into clinicians' practice in various settings to ensure IT acceptance and best practices. In addition, there is a strong need to have validated tools to assess app quality to help clinicians and patients choose the best app that meets their individual needs. Although apps have limitations, they show great promise as a tool to improve health, especially for dietary and physical activity behaviors. A recent systematic review reported modest support for app-based interventions to affect diet and physical activity positively, although the authors noted that additional controlled trials were needed. 23 As with all other educational support materials, research is needed to define how and when apps may be most effective. Hingle and Patrick 24 discussed the need for both research and practical guidelines for app use in nutrition education and behavior sciences. In addition, within nutrition education practice, nutrition educators could work with software developers to design future health-related apps and work to improve the limitations that were cited in this and other studies.
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